Introduction
With the advancement of urbanization, human beings are continuously increasing their activity scope, intensity, and frequency, thus leading to a growing impact on urban ecological system. However, while urban ecosystem provides basic resources and carry these effects, its structure and landscape have changed a lot. As for urban ecosystem, Shuang-cheng LI [1] have analyzed problems faced by the system during the process of urbanization and the developing trend of the system. Yan Wen-tao YAN [2] have established a comprehensive assessment model for health attribute of urban ecosystem based on attribute theory. Yan ZHANG [3] have measured correlation and coordination among variables in urban ecosystem and figured some indicators such as recycling degree and sustainable development degree. Luxin HUANG [4] have analyzed the reasons why ecological system can not be fully combined with urban construction, and established urban ecosystem structure model featuring characteristic and application.
These researches mostly focus on the establishment and qualitative evaluation of the basic urban ecosystem architecture. Instead, based on system dynamics(SD) method and targeting urban ecosystem, the studies, focusing on development and utilization of urban ecosystem and meanwhile promoting social and economic development, are relatively few. Therefore, in this paper, we establish SD simulation model with Xi'an CBE as an example to make a dynamic simulation on changes of the urban ecosystem in the region before and after the sustainable development so as to provide evidence for decisions about regional development plan and policies regulation.
Establishing Urban Ecosystem Sustainable Development Model Based on System Dynamics

Modeling Method
System dynamics, put forward for the first time by professor Jay W. Forrester in 1956, is a science combining closely systematic scientific theory with computer simulation and studying system feedback structure and behavior [5] . The subject is mostly based on feedback theory, control theory, nonlinear theory and large scale system theory to combine qualitative analysis with quantitative analysis; with computer simulation technology as measure and starting with micro structure, we build models and construct its basic structure to further simulate and analyze dynamic behavior of the system [6, 7] . For that reason, system dynamics model can be considered as a real system, especially as a "laboratory" of a large complex system involving society, economy and ecology.
Considering that urban ecosystem is a higher-order, complex and open macro system involving quite a few problems and indices, and that it is difficult to collect sea of data, the three following principles are set up in establishing models for the purpose of making the model reflect problems much more accurately and efficiently: to define problems; to focus on key indices; to eliminate those components without dynamic characteristics.
Model Structure Analysis
The development and utilization of urban ecosystem involves not only the supply of basic resources like water and land, but multiple factors on ecosystem such as regional pollution discharge and control, water area and species diversity, and meanwhile is influenced by social development and economic level, so the system is a complex feedback one with nonlinearity and different levels. In this paper, according to basic components of urban ecosystem, and combined with regional social and economic growth , urban ecosystem sustainable development model, after proper simplification, can be divided into five subsystems including Population, Economy, Water resources, Land resources and Ecological environment (see Figure 1) , all of them mutually inflecting and restricting. On the basis of that, SD model is established to make a dynamic simulation on complex relationship of all subsystems and forecast its developing trend in the future. 
Subsystem Division
Population Subsystem. Population subsystem mainly forecasts the developing trend of population and its impact on water resources, land resources, ecological environment and social economy under the restraint of population control policy and other factors. Demographic changes show mainly in two aspects, one population size and the other population structure. In terms of size, population shifts largely depend on natural growth rate and mechanical growth rate of population in this region. The former equals population birth rate minus death rate; the later lies on the regional urban developing level, growth rate and environment resources [8] .
Economy Subsystem. Economy subsystem chiefly focuses on the coordinative relationship between the regional economic growth and water resources, land resources as well as ecological environment. The subsystem takes into comprehensive consideration the output value contribution to the region of agriculture, industry and service sector. While increasing production value pushes forward the regional population growth and the appreciation of land resources, it also leads to growing increase of water demand and of pressure on ecological environment.
Water Resources Subsystem. Water resources subsystem mainly studies the developing trend of water supplying as well as water demand and its influence on population, economy, land utilization and ecological environment under different social and economic circumstances. In this subsystem, water demand largely rests with that of life, industry, agriculture and landscape; water supply mainly comes from surface water, underground water and reused waste water [9] . The supply-and -demand shortfall of water resources is a most important variable in this subsystem, through which we can directly determine water shortage degree of the zone.
Land Resources Subsystem. Land resources subsystem mainly studies the developing trend of total land area amount and land utilization structure, and also their influence on the regional economy and ecological environment. In this subsystem, arable land area, agricultural land area and construction land area are chiefly considered. Conversion of agricultural land to construction land will indirectly impact water supply, water usage and industrial composition of economic growth in this region.
Ecological Environment Subsystem. Ecological environment subsystem mainly studies ecological environmental pollution and its reform treatment under certain social economy and resources circumstances, and comprehensively analyzes the influence of each pollution index on water supply and usage, land value as well as economic development on the condition that the basic balance of ecological environment must be maintained. According to cause-and-effect relationship among all variables within all subsystems, we construct the following systematic flow diagram on urban ecosystem sustainable development, as is shown in Figure 2 . According to correlativity among all variables, we establish SD equations. Due to limited space, the equations are omitted.
Flow Diagram of Urban Ecosystem Sustainable Development
Analyses of an Application Example on the Urban Ecosystem Sustainable Development
Overview of the Research Area
Established in September of 2004, CBE (129km 2 ) is the first state-level ecological resort in north-western China. The resort body is located in the Baqiao District and Weiyang District in Xi'an city, its core area being only 10km away from the downtown. The resort boasts abundant ecological, water and land resources with 37% of average annual runoff across the city and 20% of exploitable underground water resources all over the city and well-conserved soil and vegetation. Its widespread wet lands are precious landscape resources and tourist resources of Xi'an [10] . Before 2004, the general ecological environment of the region was terrible. The development and utilization of water and soil resources were not coordinated. Rivers were badly polluted and their formations were damaged. Economic development in the region was also lagging behind. So it had been one of underdeveloped zones of Xi'an city. After setting up CBE, with river harnessing and ecological reconstruction as the mainstream, Xi'an municipal committee and government have made a comprehensive treatment of the resort, gradually building a favorable, interactive sustainable development mechanism combining ecological management with urban construction.
Model Application
Systematic Objective. Based on the current situation of population, economy, water and land resources as well as the ecological environment in CBE, we build a sustainable development model of CBE urban ecological system, thoroughly analyzing the interactions and feedback causalities of CBE "P-E-W-L-E". Combining the quantitative relationship of each variate of the system, we analyze the dynamic changes of each subsystem through model simulation process, and formulate development control policies aiming at predicted value.
Systematic Boundary.
Aiming at the problems discussed by the model, all the concepts or variables, which have an important connection with dynamic problems of the research, should be included in the model, then those unrelated one are eliminated in order to enable the feedback relation of the model to form a closed loop. The territorial boundary of this model sits in the administrative region of CBE. We only consider the interactions caused by each factor within the boundary of system, and take systematic overall changes within boundary as the core of the research. Table 1 . In Table 1 , it is clear that the simulation value of total population is highly similar with the actual value. The data deviation is controlled in 5% (The system dynamics model allows 5% of data deviation). This illustrates that the model has a good fitting degree and excellent practicability, validity and robustness, and it can effectively simulate the sustainable development of CBE urban ecosystem. Then the follow-up policy analysis could proceed smoothly.
Model Simulation. For the deeper comprehension of interactions and dynamic changes among the subordinate systems-Population, Economy, Water resource, Land resource and Ecological environment before and after CBE sustainable development, this paper, choosing 2014 as the basic year, simulates the sustainable development of CBE in 2016 and 2020.Considering the limitation of the data, this paper selected 18 significant indexes for simulation predicting. The results are shown in Table 2 . Taking total population growth of CBE as example, the variation trend of CBE total population, population mechanical increment and the natural population increment are shown in Figure. In Figure 3 (a), after the sustainable development in 2004, the CBE total population tends to grow rapidly. Before the setting up of CBE, the total population growth reached 17,600 during 4 years (2000 -2004) ; after that, the total population growth will reach 24,600 during 4 years(2014-2018). The latter is 1.398 times the former. In Figure 3(b) , the mechanical increment value in 2000,2004 are respectively 3400 people, 3707 people, and its growth is 307; while in 2014,2018, the value are respectively 4602 people, 5017 people, and its growth is 415. The latter is 1.352 times that of the former. In Figure 3 (c), the natural population increment value in 2000,2004 are respectively 983 people, 1072 people, and its growth is 89; while in 2014 ,2018, the value are respectively 1330 people, 1450 people, and its growth is 120. The latter is 1.348 times the former. In addition, comparing with the population prediction in Xi'an city at the same time, the mechanical increment rate of CBE can be simulated as 0.01695, much higher than the one of Xi'an city, which is 0.00738. The natural increment rate can be simulated as 0.0049, a little bit higher than the overall level in Xi'an city.
This indicates that the sustainable development of urban ecosystem has improved the ecological human habitat environment in CBE. It boosts the natural growth of population and attracts immigrant from other areas. All of this leads to a constant increase of the total population.
According to Table 2 , results are analyzed as follows: For the economic state, it shows a stable and rapid growth trend as a whole (1.2 times of per capita GDP in Xi'an city). For the regional water demand and supply, there is a shortage of supply while the demand is rising. The industrial water consumption is increasing with the increase of GDP, but the water consumption of per 10,000 GDP is not reducing, thus, there is still possible for industrial water saving. In the future, the domestic water demand will be constantly increasing with the growth of the total population. The rainwater should be utilized to meet the demand of ecological water. For the regional land use, the proportion of agricultural land would be reduced from 51.9% to 40.5%. Agricultural land is continuously reducing while green land and forest land would be increased. Additionally, it is predicted that in 2020, the land price of core area is about 8 times higher than that of 2000. For the sewage situation, the quantity of domestic sewage and domestic waste discharge are raising with the increase of total population, while the per capita waste discharge is appreciably large. The discharge of industrial waste water is also increasing with the increase of GDP, but the increasing extent is reducing, which demonstrates that discharge rate of industrial waste water is declining. For the ecological condition, the green coverage rate, water coverage rate and species diversity index are showing a stable trend of growth, which means that the ecological environment of CBE is totally improved.
Summary
Using the system dynamics method, this paper builds a sustainable developing urban ecosystem simulation model of Xi'an CBE. It deeply analyzes the interaction and the causality feedback relation among "P-E-W-L-E" of CBE, and simulates the dynamic changes of each subsystem in the future. Based on the results of the simulation, through the current situation of CBE, several development policies come as follows:
Continuously, the population growth will lead to tremendous pressure of environment and resource system in the area. In order to achieve sustainable-development in CBE, in the future, the household registration system should be enhanced, population mobility should be guided in the right direction and the pressure of population immigration should be released. Since the economic aggregate of CBE will further expand in the future, the optimization of the regional industrial structure should be accelerated to promote industry low carbonization actively and to achieve sustainable-development of the industry in the long run are also important.There are still gaps in water supply according to the current water supply capacity. With the development and the population increase in CBE, the total water demand will continuously extend. In the case, it's significant to strengthen plans and managements and make great efforts to increase water use efficiency. The land use structure of CBE will greatly change,so it's necessary to control the land-use scale sternly, reasonably arrange the industrial land, increase industrial-land-use efficiency, enlarge the ecological-land-use area.The sustainable-developing of ecosystem in CBE has achieved remarkable results. But for the further development, raising money for enhancing environmental protection and training ability still need to be enhanced.
